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Abstract. The results of application of the Raman spectroscopy method for estimating 

alternative sources for the production of bone spongy implants using the "Lioplast" technology, 

namely, the femoral head heads resected in the operation of hip replacement surgery, are 

presented. It is shown that Raman spectroscopy can be used to assess the component composition 

of the bone implants surface during their processing. Comparing different sources of sponge 

bone production before and after demineralization, no significant differences were found, but 

there are differences in the ratio of the Raman peaks intensities at wave numbers 1555 cm-1 and 

1665 cm-1 corresponding to amide II and amide I, and also in the intensity of Raman peaks at the 

wave numbers 429 cm-1 (PO4
3- (ν2) (PO symmetric vibrational)), 1068 cm-1 (СO3

2- (ν1) B-type 

substitution (C-O planar valence)), 850 cm-1 (benzene ring proline), 1000 cm-1, (aromatic 

phenylalanine ring). 

1. Introduction 

Recently, reconstructive and regenerative medicine is actively developing. In traumatology, 

orthopedics, dentistry, oncology and purulent surgery the search for approaches to the treatment of the 

supporting and integumentary tissues pathology of the human body assumes not only the means of its 

elimination, but also the preservation of the original form, structure and functions destroyed by traumas 

and bone diseases [1, 2]. Providing full regeneration of bone tissue in the defective bone sites area, in 

spite of the accumulated knowledge in this matter – is one of the most acute problems of modern 

medicine. It can be solved by creating optimal conditions for regenerative processes in the zones of its 

resorption. One of the ways is the use of osteoplastic materials [3, 4]. Among them, allogeneic implants 

from human tissues are the optimal materials for the reconstruction of musculoskeletal system injuries. 

When applied, unlike auto– and xenoplasty and the use of synthetic drugs, the homeostasis and 

metabolism of connective tissues and the functions of the life–support systems of the recipient are not 

impaired [5]. Allogenic materials after their special treatment almost completely lose their antigenicity 

and when placed in the body do not have a negative impact on it. They play the role of a matrix, 

conductor, gradually dissolve completely, and in their place a new bone tissue is formed [6]. 

With the increase in the number of operations performed in the region of hip arthroplasty, it became 

possible to use resectable intraoperatively femoral heads to produce new bone spongy bioimplants using 

the "Lioplast" technology. 

https://e.mail.ru/compose?To=laser%2doptics.timchenko@mail.ru
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To compare the quality of bioimplants obtained from cadavers and resected intraoperatively spongy 

bones treated with the Lioplast technology, it is advisable to use physical methods of investigation. 

Raman spectroscopy has certain advantages, allows real-time non-invasive quantitative and 

qualitative analysis of the composition of biological objects, and provides information on the molecular 

structure with high spatial resolution. For example, in [7, 8, 9], the Raman spectroscopy method was 

used to evaluate the content of key components of human bone tissue – hydroxyapatite and amides of 

the I–III type. Comparing the amplitudes of the Raman peaks at wavenumbers in the range from 400 to 

1800 cm-1, the authors revealed significant signal changes for samples with different degrees of 

demineralization. 

The aim of this study: a comparative assessment of the component composition of mineralized and 

demineralized bone bioimplants surfaces manufactured using the "Lioplast" technology from cadaveric 

and in vivo resected spongy bone. 

2. Materials and methods of research 

Materials of the study were samples of a spongy bone bioimplants in the form of a cube 5 * 5 * 5 mm 

in size, manufactured using the "Lioplast" ® technology (TU–9398–001–01963143–2004). The samples 

were divided into four groups. The first group consisted of demineralized samples obtained from 

cadaveric tissue, the second group – mineralized samples from the same source. The third group formed 

demineralized samples made from the femoral head heads obtained intraoperatively in hip replacement, 

the fourth group – mineralized samples from the same source. In the process of bone bioimplants 

production, at the first stage, they performed their low-frequency ultrasound treatment (24–40 kHz for 

2-3 minutes), as a result of which the samples were degreased, all the elements of the bone marrow were 

removed from the interballal spaces of the bone. To obtain demineralized samples, bone tissue was 

placed in a hydrochloric acid solution of 2.4 normality. At the final stage of the treatment, lyophilization 

of the bones was carried out by means of the ALPHA 2–4 LSC, which consisted in freeze drying of the 

samples. As a basic method for studying bioimplants, the Raman spectroscopy method was used, 

realized using an experimental stand (Figure 1), described in detail in the work [10]. The spectra were 

taken for each sample on each side of the cube at three different points. 

 

Figure 1 – Experimental stand: 

1 – object of the study; 

2 – Raman probe RPB785;  

3 – Andor Shamrock sr–303i spectrometer; 

4 – built-in cooled camera Andor 

DV420A–OE;  

5 – computer;  

6 – laser module LuxxMaster LML–

785.0RB–04;  

7 – power supply of the laser module. 
 
 

 

The Raman probe 2 focused laser radiation at object 1 (spot diameter 0.2 mm at a distance of 7.5 mm 

from the exit window of the tube), collected the radiation scattered by the object and focused the 

radiation filtered out in the spectral range 790–1200 nm to the input end of the receiving optical fiber, 

through which it was transported to input slit of the Shamrock sr-303i 3 spectrometer with integrated 

cooling chamber 4. To reduce the noise level, the camera array 4 was frozen to a temperature of -60ºC, 

providing a spectral resolution of 0.15 nm (~ 1 cm-1). The error of the method did not exceed 4%. 

Spectrum processing was carried out in the software environment Wolfram Mathematica 10 and 
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consisted in removing the noise by a smoothing median filter of 7 points. Then, on the selected interval 

400-2200 cm-1, using the iterative algorithm [11], an approximating line (a polynomial of the fifth 

degree) of the auto-fluorescent component was determined, and then this component was subtracted, 

obtaining a separate Raman spectrum. 

3. Results and discussion 

To study the Raman spectra of bones the intensities at the wavenumbers of 959 cm-1 (vibrations of the 

phosphate ion PO4
3- (ν1) (P–O symmetric valence)), 1068 cm-1 (carbonate ion CO3

2- (ν1) B-type 

substitution (С–О in-plane stretch)), 1555 cm-1 (amide II (C–N–H valence) (deformation vibration N–

H)), 1665 cm-1 (amide I (C=O valence) (peptide bond)), 850 cm-1 (a benzene ring of proline), 870 cm-1 

(a benzene ring of hydroxyproline), 1000 cm-1 (aromatic ring breathing of phenylalanine (protein 

assignment)), 1030 cm-1 (phenylalanine (CH2CH3 bending modes) (collagen assignment)), 917 cm-1 

(ribose (RNA)) and 1298 cm-1 (fatty acids (CH2, CH3 twisting and wagging) (lipids)) were chosen [7, 9, 

12]. 

Figure 2 shows the averaged Raman spectra for mineralized and demineralized samples obtained 

from different sources. 

 

Figure 2 - Average Raman spectra for mineralized and demineralized samples of bioimplants 

obtained from cadaveric (1,2) and intravital (3,4) bone tissue 

The interpretation of Raman spectra for samples of bone bioimplants is presented in Table 1. 

 
Table 1. Interpretation of Raman spectra for samples of bone bioimplants 

Raman shift, (cm–1) Assignments 

429 РО4
3- (ν2) (P–O stretch) [13] 

528 Lysozyme (oscillation of the disulfide S–S in protein) [13] 

589 PO4
3- (ν4) (P–O bending) [13] 

814 Phosphodiesterase (DNA/RNA) (C'5–O–P–O–C’3) [12] 
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850 Benzene ring proline [14] 

870 Benzene ring of hydroxyproline [14] 

917 Ribose (RNA) [12] 

959 РО4
3– (ν1) (Р-О symmetric stretch) [13] 

1000 Aromatic ring breathing of phenylalanine (protein assignment) [12] 

1030 Phenylalanine (CH2CH3 bending modes (collagen assignment)) [12] 

1044 РО4
3– (ν3) (Р–О asymmetric stretch) [14] 

1062 GAG’s (O–SO3
- symmetric stretch) 

1068 СO3
2- (ν1) B-type substitution (С–О in-plane stretch) [13] 

1177 Tyrosine (DNA/RNA) [12] 

1230–1289 Amide III (C–N–Н stretch) [13]  

1298 Fatty acids (CH2, CH3 twisting and wagging (lipids)) 

1416 Deoxyribose (DNA/RNA) [12] 

1445–1465 Proteine, СН2 twisting [13] 

1555–1565 Amide II (C–N–Н stretch) [12] 

1655-–1675 Amide I (C=O stretch) [13] 

1745 Phospholipids (С=О stretch) [12] 

As can be seen from Figure 2, significant differences in the intensities of the wavenumber peaks 

when comparing bioimplants, for the production of which bone tissue from different sources was used, 

was not found. For mineralized bioimplants of both groups, was found an increase in the intensities at 

the wavenumbers of 959 cm-1, 1068 cm-1, 429 and 589 cm-1, corresponding to PO4
3- (ν1) (P–O symmetric 

valence), CO3
2- (ν1) substitution B-type, PO4

3- (ν2) (PO symmetric vibrational), PO4
3- (ν4) (PO 

deformation.) After demineralization a decrease in the intensity was observed at these wave numbers 

both in samples obtained from cadaveric and in vivo. For mineralized specimens the correlation 

coefficient between both groups was in the range of Rm = {0.924; 0.987}. The calculated correlation 

coefficient for samples of demineralized bioimplants of both groups was Rd = {0.834, 0.963}. 

It should be noted that in all samples of bone bioimplants manufactured using the Lioplast 

technology, no high intensity was observed at wave numbers – 1298 cm-1, 1745 cm-1, corresponding to 

fatty acids (CH2, CH3 twisting and wagging (lipids)) and C=O valence) phospholipids. The use of low-

frequency ultrasound at the stages of spongy bone treatment made it possible to maximize the removal 

of lipids and bone marrow elements, which was confirmed in the spectral characteristics of the 

bioimplant samples surfaces under study. Thus, according to the results of the Raman spectra analysis, 

the source of bone tissue production (cadaveric or intravital spongy bone) did not affect the component 

composition of the implants surface created using the Lioplast technology. 

However, for a more complete quantitative assessment of the component composition of the bone 

bioimplants surface, we introduced optical coefficients. A relatively constant component in the samples 

of bone tissue studied was amide I [15], corresponding to a wave number of 1665 cm-1, so it was used 

as a denominator in the introduced optical coefficients (k): 

,
1665

I

I
k i

 

where Ii – the intensity values at the wave numbers of the analyzed components. 

To analyze the organomineral composition of bone tissue and biomaterials based on hydroxyapatite, 

the following ratios can be used: 

The ratio I959/I1665 determines the degree of leaching of mineral components in the process of 

demineralization [16]. 

The optical coefficient I1068/I1665 (Carbonate / Organic Matrix ratio) is used to estimate the degree of 

carbonate mineralization of the biomaterial [16]. 
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Both coefficients show the dependence of the mineral content in relation to the organic component. 

I1555/I1665 coefficient (ratio Amide II / Amide I) characterizes the change in Amide I with respect to 

Amide II [17]. 

I1068/I1665 and I1068/I959 coefficients (ratio of Carbonate / Amide I and Carbonate / Phosphate) indicate 

the degree of carbonate inclusion in the crystal lattice of hydroxyapatite [17]. 

The ratio I850/I870 (proline / hydroxyproline) is an indicator of damage to the structure of the collagen 

helix with a decrease in the relative concentration of proline [18]. 

A two-dimensional analysis of the introduced optical coefficients was carried out. Figure 3 shows 

two-dimensional diagrams representing the quantitative content of the main components of mineralized 

and demineralized bone implants made from cadaveric and in vivo resected spongy bones. 

  

  

Figure 3 - Two-dimensional diagrams of the introduced optical coefficients 

 

It can be seen from the analysis of figure 3a that for demineralized samples a smaller value of the 

coefficient I959/I1665 – "mineral / organic matrix" (0.8 < I959/I1665 <1.3) was characteristic, compared to 

mineralized samples (7 <I959/I1665 <13). In the process of demineralization using the "Lioplast" 

technology, the relative concentration of mineral components was sharply reduced. At the same time, 

the values of the I959/I1665 coefficient for demineralized tissue samples were close, despite the difference 

in the sources of spongy bone sampling for the manufacture of implants. 

The I1068/I1665 ratio (Carbonate / Organic Matrix ratio) was used to assess the degree of mineralization 

of biomaterials. It can be seen from figure 3b that for the demineralized samples the coefficient I1068/I1665 

varies within the limits of 0.5 < I1068/I1665 < 2) and for mineralized samples in the range 2.5 < I1068/I1665 

< 4. 
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Also it can be seen from Figures 3a, 3b that higher values of I1068/I959 and I1068/I1665 coefficients are 

characteristic for samples obtained from intravital resected bone tissue than for cadaveric bone, and, 

consequently, a higher content of B–type carbonate carbonate CO3
2- (ν1), which is more resistant to the 

effect of acid during demineralization [17], which manifests itself in an increase in the difference 

between materials in the process of demineralization for the coefficients I1068/I959 and I1068/I1665. The ratio 

I850/I870 shows the difference in the ratio of the peaks of proline and hydroxyproline benzene rings due 

to deformations in the structure of collagen [18], and allows differentiating cadavers (1.07 < I850/I870 

<1.16) and samples from intravital resected bone tissue (0.98 < I850/I870 < 1.05). For demineralized and 

mineralized samples, the values of the ratio I850/I870 were in the same intervals. 

The process of bone implants demineralization using the "Lioplast" technology made it possible to 

lower the level of the content of such a bone component as ribose (RNA), which reflected the change in 

the optical coefficient I917/I1665 from 1.3 < I917/I1665 < 1.75 to 0.9 < I917/I1665 < 1.25 after demineralization. 

The values of the coefficient I917/I1665 did not depend on the source of bone tissue production. Reducing 

the amount of RNA during processing of biomaterials using the "Lioplast" technology reduced their 

immunogenicity for the recipient organism. 

The values of the optical coefficient I1030/I1665 vary from the interval 0.8 < I1030/I1665 <1.6 for 

demineralized and to the interval 1.7 < I1030/I1665 < 2.6 for mineralized samples (figure 3c), which reflects 

a decrease in the relative concentration of phenylalanine with respect to secondary protein structures 

(amide I) in the process of demineralization, and for the samples obtained from intravital resected bone 

tissue this process proceeds more slowly. 

Analysis of diagram 3d shows that the value of the optical coefficient I1555/I1665 does not significantly 

depend on the degree of demineralization of the samples, but there is a separation of the regions for 

samples obtained from the femoral head in the intraoperative (0.66 < I1555/I1665 < 1.5) and cadaveric 0.2 

< I1555/I1665 < 0.6) of bone implants, which may be due to the different reaction of groups of samples to 

heat treatment. 

4. Conclusions 

A comparative spectral evaluation of the surfaces component composition of mineralized and 

demineralized bone bioimplants manufactured using the "Lioplast" technology from cadaveric tissue 

and femoral bone heads resected during the operation of hip arthroplasty was performed. 

Comparing different sources of sponge bone production before and after demineralization, no 

significant differences were found, but there are differences in the ratio of the Raman peaks intensities 

at wave numbers 1555 cm-1 and 1665 cm-1 corresponding to amide II and amide I, and also in the 

intensity of Raman peaks at the wave numbers 429 cm-1 (PO4
3- (ν2) (P–O symmetrical vibrational)), 

1068 cm-1 (CO3
2- (ν1) B-type substitution (C–O planar valence), 850 cm-1 (benzene ring of proline), 1000 

cm-1 (aromatic ring of phenylalanine). 

Optical coefficients were introduced and a two-dimensional analysis was carried out, which showed 

that the values of I1068/I959 and I1068/I1665 are higher for intravital resected bone tissue than for cadaveric 

bone, and therefore a higher content of B-type carbonate carbonate CO3
2- (ν1), which is more resistant 

to the effects of acid during demineralization. 

The introduced optical coefficients made it possible to confirm that the content of the main 

components of bioimplants necessary for the realization of their osteoinductive and osteoconductive 

properties turned out to be similar, both in mineralized and demineralized samples obtained from the 

femoral head intraoperatively, and from samples made from cadaveric material. 
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